. The University of Notre Dame Australia
ResearchOnline  ND ResearchOnline@ND

Health Sciences Papers and Journal Articles School of Health Sciences

2017

Physical determinants of Division 1 Collegiate basketball, Women'’s
National Basketball League and Women's National Basketball Association
athletes: with reference to lower body sidedness

T Spiteri
The University of Notre Dame Australia, tania.spiteri@nd.edu.au

M Binetti
A Scanlan
V Dalbo

F Dolci

See next page for additional authors

Follow this and additional works at: https://researchonline.nd.edu.au/health_article

b Part of the Life Sciences Commons, and the Medicine and Health Sciences Commons

This article was originally published as:

Spiteri, T,, Binetti, M., Scanlan, A., Dalbo, V., Dolci, F., & Specos, C. (2017). Physical determinants of Division 1 Collegiate basketball,
Women's National Basketball League and Women's National Basketball Association athletes: with reference to lower body
sidedness. Journal of Strength and Conditioning Research, Early View (Online First).

Original article available here:
https://www.ncbi.nlm.nih.gov/pubmed/28368952

, THE UMIVERSITY OF

i NOTRE DAME

This article is posted on ResearchOnline@ND at
https://researchonline.nd.edu.au/health_article/177. For more

. . - Tt | Rl s ] R et i
information, please contact researchonline@nd.edu.au.



http://researchonline.nd.edu.au/
http://researchonline.nd.edu.au/
https://researchonline.nd.edu.au/
https://researchonline.nd.edu.au/health_article
https://researchonline.nd.edu.au/health
https://researchonline.nd.edu.au/health_article?utm_source=researchonline.nd.edu.au%2Fhealth_article%2F177&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1016?utm_source=researchonline.nd.edu.au%2Fhealth_article%2F177&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/648?utm_source=researchonline.nd.edu.au%2Fhealth_article%2F177&utm_medium=PDF&utm_campaign=PDFCoverPages
https://www.ncbi.nlm.nih.gov/pubmed/28368952
https://researchonline.nd.edu.au/health_article/177
mailto:researchonline@nd.edu.au
http://www.nd.edu.au/
http://www.nd.edu.au/

Authors
T Spiteri, M Binetti, A Scanlan, V Dalbo, F Dolci, and C Specos

This article is available at ResearchOnline@ND: https://researchonline.nd.edu.au/health_article/177


https://researchonline.nd.edu.au/health_article/177

This is an Accepted Manuscript of an article published in the Journal of Strength and
Conditioning Research on March 31, 2017. It is not the final published version of the article.

Available online:

http://journals.lww.com/nsca-

iscr/pages/results.aspx?txtkeywords=Physical+determinants+of+Division+1+Collegiate+basketball

Spiteri, T., Binetti, M., Scanlan, A., Dalbo, V., Dolci, F., and Specos, C. (2017). Physical
determinants of Division 1 Collegiate basketball, Women’s National Basketball League and
Women'’s National Basketball Association athletes: with reference to lower body sidedness.
Journal of Strength and Conditioning Research, Early View (Online First).

doi: 10.1519/JSC.0000000000001905



http://journals.lww.com/nsca-jscr/pages/results.aspx?txtkeywords=Physical+determinants+of+Division+1+Collegiate+basketball
http://journals.lww.com/nsca-jscr/pages/results.aspx?txtkeywords=Physical+determinants+of+Division+1+Collegiate+basketball
https://dx.doi.org/10.1519/JSC.0000000000001905

Journal of Strength and Conditioning Resear ch Publish Ahead of Print
DOI: 10.1519/JSC.0000000000001905

Physical determinants of Division 1 Collegiate baskball,
Women'’s National Basketball League and Women’s Natnal
Basketball Association athletes: with reference tower body
sidedness

Running head Physical determinants of female basketball athletes

Tania Spiteri Molly Binettiz, Aaron T. ScanlanVincent J. Dalb® Filippo Dolci,
Christina Specos

iSchool of Health Science, The University of Notre Dame, Fremantle, Aastrali
2Lousiville Sports Performance, Louisville, Kentucky, USA

*Human Exercise and Training Laboratory, Central Queensland University,
Rockhampton, Australia.

‘Purdue Sports Performance, West Lafayette, Indiana, USA

Corresponding Author: Dr. Tania Spiteri
School of Health Science

The University of Notre Dame Australia
Fremantle, Western Australia, 6959
PH: +61 9433 0974

Email: tania.spiteri@nd.edu.au

ABSTRACT
In female basketball the assumed components of success include ggilitgr,and the
proficiency at executing movements using each limb. However, the tiamgerof these
attributes in discriminating between playing levels in fartzsketball have yet to be
determined. The purpose of this study was to compare lower body,pdveege of
direction (COD) speed, agility, and lower-body sidedness betwedwetball athletes
participating in Division 1 Collegiate basketball (United Stat¥8pmen’s National
Basketball League (WNBL) (Australia), and Women’s Natiddasketball Association
(WNBA) (United States). Fifteen female athletes from daalgue (N = 45) completed

a double and single leg counter-movement jump, static jump, drop jump, 53B5 C
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Test, and an offensive and defensive Agility Test. One-way asabysrariance with
post-hoc comparisons, were conducted to compare differences in physica
characteristics (height, body mass, age) and performance ost¢omg, COD, agility
assessments) between playing levels. Separate dependest wées performed to
compare lower body sidedness (left vs. right lower-limbs) duinegsingle-leg CMJ
jumps (vertical jump height) and 5-0-5 COD test for each limthiwieach playing
level. WNBA athletes displayed significantly greater lower body poer @.01-0.03)
compared to WNBL athletes, significantly faster COD spded- (0.02—-0.03), and
offensive and defensive agility performané&e=0.02 — 0.03) compared to WNBL and
Collegiate athletes. WNBL athletes also produced faster deéeagility performance
compared to Collegiate athleteB € 0.02). Further, WNBA and WNBL athletes
exhibited reduced lower body sidedness compared to Collegiate athletesfiftiesgs
indicate the importance of lower body power, agility, and reduced |dvoely
imbalances to execute more proficient on court movements, requirezhmoete at

higher playing levels.

Key Words: Change of Direction, Agility, Speed, Power, Muscular Imbalances,

Decision-making, WNBA
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INTRODUCTION

Basketball remains a popular sport worldwide, with high participaates in many
countries. For instance, basketball participation across vargassand genders rank first
and second among team sports in the United States (37) and Au®yaha2013-2014,
respectively. Accordingly, basketball competitions are adteirgd at various playing
levels, with developmental pathways available to players for caregression in the sport.
In women’s basketball, Division | Collegiate competition sena&s a developmental
pathway into the elite Women’s National Basketball AssociaiiNBA) in the United
States. A similar hierarchy is also evident in Austrai#h the elite Women’s National
Basketball League (WNBL) serving as an incoming pathwagddegiate athletes and an
outgoing pathway for athletes into the WNBA. Despite this intedraature of women'’s
basketball in the United States and Australia, the phyditrddides discriminating between
playing levels and possibly contributing to success at the el leave yet to be

determined.

In elite-level basketball, the physical components of succesemabodied by
the ability of the athlete to generate power, decelerate @edeaate quickly, changing
direction in response to a stimulus, and possess adequate lewaldiofespiratory and
musculoskeletal endurance (1). Due to the importance of power ariyg fagilbn-court
basketball success, training programs frequently focus on inogethgise properties in
athletes across various playing levels (21). Numerous studiestiengted to provide
normative data for sport-specific physical attributes usingouariesting protocols in

basketball players, with the majority of available data remtasive of male athletes
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(1,3,8,14,20,24,27,38). Some studies have used a combination of sprint and change of
direction speed tests to assess accelerati@ximal speed, and agility performance
(1,14,27), whereas other studies have adopted tests to assess lowstrdyglis and power

in basketball players (1,3,8,20).

Explosive power and force production of the lower limbs determiroed éounter-
movement jump performance (CMJ) has been shown to be a stradigigref playing
time in men’s basketball (10), with elite male athletes produsigwyficantly greater peak
power outputs during CMJ compared to novice counterparts (3). Whiledimesearch
exists for female basketball athletes, it appears a supeanop jperformance is a
deterministic factor for higher team selection in othée éémale sports such as volleyball
(29). Moreover, the ability to decelerate and accelerate to exdaettional changes has
also been considered a physiological pre-requisite for basketbddirrpance (5,34).
Despite differences in change of direction (COD) speed beingfiddnbetween playing
levels (3) and positions (3,27) in men’s basketball; research mipgeported moderate
correlations to total playing time. While the high-intengitiermittent nature of basketball
requires athletes to perform multiple directional changesy #re often executed in
response to an external stimulus (26,33,35), which may explain theoflacbrrelation
between a pre-planned COD movement and playing time. This atitagrbetween
movement execution and decision-making ability, assessedjility tests (REF), has been
shown to replicate the temporal and spatial demands of team sp@)tsafd has been
shown to discriminate between starters and non-starters (28), as pleliag levels

(14) in male basketball athletes. However, despite these findiags, is a distinct lack
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of research assessing agility performance in female lmdkeDuring a typical
basketball game, female athletes execute 35-45 jumpshande speed and/or direction
every 1.4-2.8 s (16,25). To execute these movements, proficiencyhie keft and right is
required for effective positioning and function on court. Time-amtanalyses reveal
athletes are required to perform multiple unilateral movements througgauteincluding
directional changes, lay-ups and single leg vertical jumpsnd@rently suggesting some
level of imbalance may be observed in basketball athletes dine immposed movement
demands. Previous research has demonstrated that muscular imbalegatively impact
performance outcomes, and increase the risk of injury incidence (1,6,15)2B)fdre, it is
of practical relevance to examine and compare the levelbwEément deficiency between
limbs, as athletes with a reduced imbalance may be moreipnbfat executing functional

movements on court, potentially separating themselves from lowergleyelrs.

Therefore, the purpose of this study is to present data on lowerpovasr,
change of direction speed, agility, and lower-body sidedness ofifelbasketball
athletes participating in Division 1 Collegiate basketball {&bhiStates), WNBL
(Australia), and WNBA (United States) basketball leagues. ddtia will be compared
between playing levels to determine the importance of thesécphgsiributes relative
to each playing league, and in the process identify qualitotpsiresl to progress to
higher player levels in women’s basketball. As athletes compgtitige WNBA are
considered elite level players participating at the higipsying level in women's
basketball, it is hypothesised that WNBA athletes will posggsater lower body

power, reduced lower body sidedness and produce a faster COD artg agili
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performance in comparison to WNBL and Collegiate athletes.

METHODS
Experimental Approach to the Problem

A cross-sectional design was utilized to identify differenicephysical attributes
(lower body power, change of direction speed, agility, and sidedbesggen Division |
Collegiate, WNBL, and WNBA basketball athletes. Subjects wegeired to attend one
testing session, which consisted of a series of jump assessinehtding a CMJ (double,
and single-leg left and right), static jump and drop jump; a 5@CE Test; and an
offensive and defensive agility test. These assessments ef bmaly power, COD speed,
agility, and sidedness were chosen as female basketbalieathle required to perform
multiple jumps, and undergo frequent changes in movement diremtidrspeed during
game-play, highlighting the relevance of such athletic movemersrformance (16,25).
All testing occurred on an indoor basketball court, prior to any scbedrdining sessions
for that week. Prior to testing, a standardized 10-minute dynamio wpa was performed.
Subjects were instructed to refrain from performing angnsious activity or lower-body

resistance training within 48 hours of their assigned testing session.

Copyright © 2017 National Strength and Conditioning Association



Subjects
Forty-five (N = 45) female basketball athletes, consisting ofDhbsion |

Collegiate athletes, 15 WNBL athletes, and 15 WNBA athletese veeruited for this
study (Table 1). Athletes were required to have played baskg&tbaliminimum of five
years and partake in a minimum of one competitive game and twtustdiskill based
training sessions each week, in which jumping and change of direotb@ements
formed part of the regular on court training regime. Data caleciccurred after pre-
season training for all athletes to ensure adequate fitnessimincbhfatigue as a result
of in-season competitive games. All athletes were required igjlg free at the time
of testing, and report no previous history of major lower limb injusiesh as anterior
cruciate ligament injuries. Ethics approval was obtained fromrmstitutional Human
Research Ethics Committee prior to testing and all testingeguoes were explained to

athletes prior to obtaining informed consent to participate.

INSERT TABLE 1 ABOUT HERE

Countermovement Jump Assessments

The double leg CMJ assessment was conducted with athletes pogitibeir
hands on a carbon fiber pole held on the superior surface of the upeiusamuscle,
and placing their feet shoulder width apart (36). This stappgjtion was chosen to
reduce the involvement of arm-swing during the jump, which has beennstomow
influence vertical jump performance (17). Athletes lowered t@lasslected depth

while being instructed to “jump as high as possible”, similar &vipus research (7).
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Single leg left and right CMJ required a similar starfpogition to the CMJ; however,
the non-support leg was flexed to 90°, while athletes stood standing supihert leg
to complete the required jump (18). Athletes lowered to a selftedlelepth and were
instructed to “jump as high as possible”, landing on the same legageform the
jump. Athletes then completed a static jump; starting in an isometric squairmosit
with a 90° knee angle as monitored by a goniometer and an elastiplaaed around the
back of the squat rack (11). Athletes then performed a concentgicaotibn, jumping
vertically for maximal height (11). For the drop jump protocol, aisiébegan standing on a
30-cm box with their hands positioned on a carbon fiber pole heldeosuperior surface
of the upper trapezius muscle. Athletes were then instructsigpooff the box, land, and

jump vertically for maximum height while minimizing ground contact tin®.(1

Each jump assessment was separated by a 2-min passiveeried; with athletes
completing three trials of each jump assessment, 30 s Aflguimps were performed on a
portable force plate sampling at 600 Hz (400 Series Performance PlagssH echnology,
Adelaide, Australia), with the force trace for each jump ctdleé using the Ballistic
Measurement System Software (Version 3.4, Fitness Technologiedaidide SA,
Australia). Variables of interest for all jump trials inclddeaverage jump height (cm),

average relative peak force (N/kg), and average relative peak powkey) (W/
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5-0-5 Change of Direction Test

The 5-0-5 COD Test required athletes to start behind a set wigtilights
(Fusion Sport, Queensland, Australia), sprint 10 m in a straightHmegh a second
set of timing lights, continue sprinting in a straight line a furthen before planting
their foot on a marked line, turning 180°, and sprinting 5 m back throughgtinghts
to complete the test (36). Athletes completed six trials, Witke trials involving

planting and changing direction with the right leg and three trials with ftHede
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Trials were completed in a randomized ordered, with athletésictesd verbally prior to
completing each trial as to which direction (left or right)un and change direction. Each
COD trial was separated by a 30-s rest period. Approach speed (s) across 1ifenfiy and
change of direction time (s), calculated as the time takeontd m after triggering the
second set of timing lights, turn 180° and sprint 5 m back through tiregtlights, were

taken as outcome measures and averaged across the three trials feg.each |

Offensive and Defensive Agility Tests

The offensive and defensive agility test required athletes tiobstaind a set of
timing lights (Fusion Sport, Queensland, Australia) and sprint 10 msinagght line
through a second set of timing lights (Figure 1). Triggeringséeond set of timing
lights resulted in a light stimulus to illuminate on an additics®dl of timing lights
positioned 5 m away at 45° angles to the left and right of the seeboflteming gates
(33; 35). Athletes were required to respond to the light stimylysebforming a 45 +
5° cut, sprinting a final 5 m to complete the test. The delay fotighe stimulus to
appear after passing through the second set of timing gatesevag O s in the
Smartbase software (Fusion Sport, Queensland, Australia). The leftler ¢ight) for
the light to appear was set at random so that the athleted wotulanticipate the
direction of travel. Athletes were required perform two triatenging direction
towards the light stimulus (termed defensive agility) and twadstchanging direction
in the opposition direction to the light stimulus (termed offensivéty@gisimilar to

previous research (33,35). Each agility trial was separated B@-s rest period.
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Approach speed (s) across the first 10 m, and agility tihealculated as the timake

to run 5 m after triggering the second set of timing lights asd gaough the final set of
timing lights was averaged across the two trials for eaglty condition. The offensive
and defensive agility test has been shown to be reliable amsgssof agility performance

in basketball athletes (ICC = 0.8, CV = 4.77%) (33; 35).

INSERT FIGURE 1 ABOUT HERE

Statistical Analysis

All statistical comparisons were performed using a siedisanalysis program
(IBM SPSS Statistics, Version 19.0; Chicago, lllinois) with significantatse<
0.05. The Shapiro-Wilks statistic and Levene’s test for equalityamances were
conducted for all data and confirmed normality and homogeneity of vagaAs a
result, differences in physical characteristics (height, bothss, and age) and
performance outcomes (jump, COD, and agility assessments) betaebd playing
level (Collegiate, WNBL, and WNBA) were compared using sdpa@ne-way
ANOVAs. When applicable, a Tukey post-hoc test was used to detethe source of
any significant differences. Separate dependent t-tests folithw up Bonferonni
corrections were performed to compare lower body sidedness (lefigs lower-
limbs) during the single-leg CMJ jumps (vertical jump heighg the 5-0-5 COD Test
(change of direction time for each limb) within each playawgl. Effect sizesd) were
calculated for group comparisons by dividing the difference betwemmpgrby the

pooled standard deviation (6). The magnitude of effect size calculationinveepected
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following Hopkins’ guidelines (12), with the following descriptarsvial = 0-0.1;small =

0.11 - 0.3 moderate = 0.31 — 0.5]arge= 0.51 — 0.7very large=0.71 — 0.9.

RESULTS

Performance outcome measures for each playing level are gesefitables 2
and 3. WNBA athletes demonstrated significantly greater jumphtdigring the right
single P = 0.03), left single® = 0.02), and doubleP(= 0.03) leg CMJ, as well as
relative peak power during the right singke< 0.01), left single® = 0.01), and double
(P =0.02) leg CMJ compared to WNBL athletes (Table 2). In contiasi) jneasures
for Collegiate athletes did not significantly differ from WNRir WNBA athletes.
While no significant difference was observed in static jump pedoo®, or drop jump
height between leagues (Table 2), WNBA athletes produced samntlficgreater
relative peak force H = 0.03) compared to WNBL athletes. Interpreting COD
performance (Table 3), WNBA athletes demonstrated a signifycéadter approach
time (vs. WNBL, right:P = 0.03; left:P = 0.03; vs. Collegiate, righ® = 0.02) and
COD time (vs. WNBL, rightP = 0.02; left:P = 0.02; vs. Collegiate, righ? = 0.03;
left: P = 0.03) than the other playing groups. Further, WNBL players possessed a
significantly faster right approach tim@ & 0.02) than Collegiate athletes during the
COD assessment. In the offensive and defensive agility test, defapgirgach timeR
= 0.02), defensive COD timé>(= 0.01), and offensive COD timd (= 0,02) were
significantly faster in WNBA athletes compared to Collegiathletes. Furthermore,
WNBA athletes produced a significantly faster defensive C@Oie tthan WNBL

athletes I = 0.03), and WNBL athletes had a significantly quicker defensive Ge
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compared to Collegiate athletés=£ 0.02).

INSERT TABLES 2 AND 3 ABOUT HERE

Differences (%) between lower-limbs during single-leg CMdgomance and left and right
COD time are presented in Figure 2. Across all playing $egreater CMJ height and
faster COD time were observed when athletes were oglitheir left leg. Although non-
significant differences were observed, Collegiate athletemdstrated a greater imbalance
(%) during the single leg CMJ and COD test, followed by WNBhledes, and WNBA

athletes.

INSERT FIGURE 2 ABOUT HERE

DISCUSSION

This study is the first to compare physical attributes beiwbece different
leagues (Division | Collegiate, WNBL, and WNBA) in female bais&k. The provided
data will assist to determine the physical attributes sbpairate these athletes, with a
view to understanding factors that are important for competihggher playing levels
in female basketball. The results are in support of the hypottesisonstrating that
WNBA athletes display greater lower body power, faster C$pBed, and superior
agility performance compared to WNBL and Collegiate athldtasther WNBA and
WNBL athletes exhibit reduced lower body sidedness as comparéibltegiate

athletes. These findings emphasize: (i) the importance of dee#ioped physical
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qualities, specifically lower body power, to enable a grgatap height; and (ii) that
superior COD ability, and reduced lowessdy imbalance may enable female basketball

athletes to compete at higher playing levels.

Increased muscular power is a pre-requisite for many t@amssthat require
athletes to produce a great amount of force within short time pef8ig40). The
execution of explosive and dynamic movements in basketball, includntigal jumps,
is well documented (4,19), highlighting the importance of increased loadr power
for basketball athletes. Findings of the current study indicat@X/hthletes possess
greater lower body power and vertical jump height during double antedeg CMJ
compared to WNBL athletes. Interestingly, all CMJ outcome oreasdid not differ
between Collegiate athletes and WNBA or WNBL  athletes, otisiedy (Table 1).
These findings are in agreement with previous research exemimale basketball
athletes, where greater lower body power and vertical jump heiglg observed in
elite level athletes (22,23). As no differences were observedper&rmance between
the three different leagues, we can assume that optimizatitowef body stretch-
shortening cycle capability, is an important factor to compelegaer playing levels.
Further, despite no differences observed in force application during @NIBA
athletes produced significantly greater peak force during the drop gampared to
WNBL athletes. These findings indicate that WNBA athletesade to rapidly load
and tolerate a greater eccentric load, increasing the musgbedility to store and
utilize elastic energy (10) to achieve a greater jump heigtis finding is particularly

relevant in basketball, enabling athletes to execute explosive oh mowements
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including layups, rebounding, and blocking opposition shots at the baskdti¢veac
both and offensive and defensive advantage duringaimne.

The ability to rapidly load and tolerate a greater eccetdad may also have
direct implications for COD performance. Change of direction gligitan important
physical attribute in basketball, with elite male athletescating 50-60 changes in
movement direction and speed (4) throughout the duration of a game. Fiindingbe
current study support previous research observing a faster 5-0-5pE@@mance in
elite basketball athletes (9), with WNBA athletes producingpesor 5-0-5 COD time
and approaching the 180° directional change significantly fastepared to WNBL
and Collegiate athletes (Table 2). Faster approach speeds obseingdQiDD tests
have been associated with increased braking forces (32) during #lerdgon phase,
promoting the storage and utilization of elastic energy to aser@ropulsive ability and
acceleration in the new movement direction (32). In particular, tjie yelocity 180°
directional change requires athletes to absorb an increasedriecioaat as the muscle
lengthens to aid deceleration, requiring athletes to possessesficicentric strength
to enable a faster directional change (32,34). Additionally, relsdaais observed a
strong and significant correlation between drop jump performance @1id t€sts,
suggesting shorter contact times and the ability to tolerajee@er eccentric load,
results in the development of sufficient muscle power through lstsbiartening cycle
actions (14,12). These findings may explain why WNBA athletes prdduéaster 5-0-
5 COD performance compared to WNBL and Collegiate athletes. \t#iil8-0-5 COD

replicates specific on court movements such as a backdoor culs itofaeplicate the
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reactive nature in which directional changes performed in game scenarios.

During a basketball game athletes are confronted with multipémnste and
defensive scenarios, requiring sufficient physical and technit@dbuses to execute
required movement, in addition to a fast and accurate decision-makility &bi
successively manoeuvre about the court (33). As a result, athletes evftjage in
offensive and defensive agility movements during games to evauesire opponents
and gain positional advantage. Findings of the current study indic@ANathletes
produced a faster offensive and defensive agility performance cethfmWNBL and
Collegiate athletes, emphasizing the importance of agilifippeance to succeed at the
elite level in female basketball (33,24,26). It is well establisit & combination of
physical, technical and perceptual-cognitive qualities are edjtir execute a fast and
accurate agility performance (14). While decision-making was metttii measured
during this study, this finding supports previous agility researchd@donstrating the
importance of perceptual-cognitive ability to seperate betwegher and lower level
athletes, and a key attribute required to succeed at highemgldgvels (33)
Interestingly, defensive agility was found to the best discite between leagues, with
WNBL athletes producing a faster defensive agility time coegpao Collegiate
athletes. While athletes physical attributes may contritautee observed difference in
agility performance, this finding supports the notion that an athédtidity to read and
respond to opposing players movements on court may be a critical taciompete at
higher playing levels, compared to offensive ability which in samséances can be

more pre-meditated through specific plays and positioning on court. Pmngdaci
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delayed response to a stimulus in both offensive and defensive esehas been
shown to affect movement output (4,7,27,32), decreasing the amount of 1prescle
activation (35) and force application negatively impacting &gifierformance in
basketball athletes. Therefore, it appears the ability toesstully read the play and
determine the correct movement direction sooner is an importaractdrstic for
female basketball athletes to compete at higher playingsléhile it is advantageous
for athletes to be proficient at executing movements equalltheoleft and right,
athletes may become predisposed to favor a certain limb wheuntiegeunilateral on
court movements including directional changes, vertical jumps, angdajeading to
the development of a lower body muscular imbalance. In the cutvetyt $VNBA and
WNBL athletes exhibited reduced lower body sidedness during single legriehValG

5 COD assessments compared to Collegiate athletes. This fadding with previous
research observing a reduced imbalance improves performance aai{d@nm female
athletes. While the precise factors contributing to the degreelefiness observed in
the current population is unknown, it appears reduced lower body sidedeels in
proficient execution of on court movements required to compete at Heyleds of
play. Interestingly, across all leagues lower body sidedsefswored towards the left
limb. Again, while the precise mechanisms for this observed elfé&s is unknown,
we can assume that if the majority of athletes in the custnty were right-hand
dominant, they would be trained to leap from their left leg wheatcrg various
scoring opportunities. Faxample, if athletes drive to the basket using their right hand

performing a layup, the final step in the two-step sequence, woulebeft leg, requiring
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athletes to leap off this leg creating vertical displagdnie increase scoring success.
Therefore, strength-training programs may need to emph&&zdetrelopment of strength
and power qualities in both the dominant and non-dominant leg, pariculayounger

athletes at the Collegiate level athletes to compeneatgotential imbalances developed

during game play.

This is the first study to compare female basketball athlatgsss three
different leagues (Division | Collegiate, WNBL, and WNBA) toeatatine the physical
attributes that separate these athletes to better understamid fat are important to
compete at higher playing levels. Despite the novel findings efdtudy, there are
limitations that require acknowledgment. Firstly, while subjestye required to
perform a side-stepping only directional change, the limb used to cluaregtion
during the offensive and defensive agility tests was not monitdredrefore, we
cannot conclude if a sidedness and/or cognitive deficit are dseneor the observed
differences in agility performance. Further while we canriiviepart that differences
between athletes performance during the agility tests weretaudifferences in
perceptual-cognitive ability, a true measure of reaction timas not performed.
Additionally, training load and history was not recorded in the atrséudy, which
may have provided further insight into the findings presented. WhelMaqus research
has stated that early athletic development is desirable foessiat the elite level (39),
future research should aim to investigate the impact of tramsigry on performance

and playing level in female basketball athletes. The findingthisf study are also
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limited to three individual basketball teams, making further corsmas between
positional groups challenging due to small sample sizes. Fsgarch should seek to
compare position-specific data between leagues to deteifmgigsical qualities further
differ based on functional roles and the reliance of differencsigdlyattributes across

playing positions (3).

PRACTICAL APPLICATIONS

The current study provides evidence for the importance of lower boaer,
COD and agility in female basketball athletes to compete gitehiplaying levels.
Specifically, developing lower body power and importantly theadtrshortening cycle
ability of the muscle through Olympic lifting and plyometrigeecises to increase
vertical jump height during competition, appears crucial to competdmher playing
level. It appears the development of eccentric strength, simil@revious research
(41), would assist to improve athletes COD ability. Prescribqats, power cleans or
plyometric exercises, emphasizing the eccentric phase ofdhermnent will develop an
athletes ability to tolerate a greater eccentric loattsg athletes to decelerate sooner
improving on court COD movements. During a basketball game a itgajoir
movements are executed using a single limb (4), which may predisgbletes to
develop a lower body muscular imbalance as observed in the cuuent As a result,
strength-training programs should aim to develop strength and pguadities in
dominant and non-dominant limbs to reduce the level of sidedness; a ehstiact
apparent in the present study across various levels of femalettaslathletes. While

an athlete’s physical development is important, training percepbgglitive ability
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should be equally addressed. Incorporating drills which couple pemegtd action,
for example executing various directional changes in responseetiiffverbal or visual
cues, to develop an athletes agility performance, would be bendicidiemale

basketball athletes to compete at higher playing levels.
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Figure Legend

Figure 1. Layout of the Offensive and Defensive Agility Test

Figure 2. Percent difference between right and left limbs assessed during treslsimgl
countermovement jumps and 5-0-5 Change of Direction (COD) tests in Division 1
Collegiate (N = 15), Women’s National Basketball League (WNBL) (N = 15), and
Women’s National Basketball Association (WNBA) (N = 15) athlduese: Positive

difference indicates imbalance towards the left limb.

Table Legend

Table 1. Subject demographics (mean = SD) in Division 1 Collegiate, Women’s National
Basketball League (WNBL), and Women’s National Basketball AssociatioiBAY

basketball athletes.

Table 2.Vertical jump tests (mean + SD) in Division 1 Collegiate, Women'sadat
Basketball League (WNBL) and Women’s National Basketball AssociatinBA)

athletes.

Table 3.Change of direction and agility tests (mean + SD) in Division 1 Collegiate,
Women’s National Basketball League (WNBL) and Women'’s National Basketbal

Association (WNBA) athletes.
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Table 1. Subject demographics (mean * SD) in Division 1 Collegiate, Women’s National Basketball League (WNBL), and Women’s
National Basketball Association (WNBA) basketball athletes.

Effect Size (Cohen’s d)

1. Collegiate (N=15) 2.WNBL(N=15)  3.WNBA (N =15)

1vs.2 1vs.3 2vs.3
Age (years) 20.3+£2.7 24.2+25 26.2+4.0 1.49 1.72 0.59
Body Mass (kg) 71.09 £ 23.8 75.5+14.5 79.9 £ 14.8 0.22 0.44 0.30
Height (kg) 177.0+£ 129 177.7 £7.25 1798+ 11.4 0.06 0.23 0.21

Note: Bolded effect size = very large difference.
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Table 2. Vertical jump tests (mean * SD) in Division 1 Collegiate, Women’s National Basketball League (WNBL) and Women’s National
Basketball Association (WNBA) athletes.

Effect Size (Cohen’s d)

1. Collegiate (N=15) 2.WNBL(N=15) 3.WNBA (N = 15)

1vs.2 1vs.3 2vs.3

Countermovement Jump (CMJ)

Height (cm) 32.03+5.14 30.58 £3.91 3478 +3.31° 0.32 0.63 1.15

Relative Peak Force (N.kg) 24.82 £ 2.80 24.29 £ 3.86 25.79 £ 2.94 0.16 0.33 0.44

Relative Peak Power (W.kg) 48.39 £ 5.58 42.50 £5.94 55.87£9.04" 1.02 0.99 1.74
Single-Leg Right CM]

Height (cm) 15.47 + 2.55 13.29 +1.51 17.58+4.60° 1.04 0.57 1.25

Relative Peak Force (N.kg) 18.67 + 3.08 17.32°+2.51 20.64 + 2.49 0.48 0.71 1.33

Relative Peak Power (W.kg) 28.93 £4.73 23.33+£3.41 3291+5.68" 1.35 0.76 2.04
Single-Leg Left CM]

Height (cm) 16.11 + 3.58 13.66 + 2.47 18.09 + 2.50° 0.79 0.56 1.46

Relative Peak Force (N.kg) 22.21+£3.07 20.02 + 2.69 20.78 £ 1.64 0.75 0.58 0.34

Relative Peak Power (W.kg) 29.74 £ 4.59 23.91+3.17 35.20+£6.02° 1.47 1.01 2.34
Static Jump

Height (cm) 2415+ 416 23.93 £3.42 26.22 £ 6.13 0.07 0.39 0.46

Relative Peak Force (N.kg) 23.04£517 24.28 £ 3.41 26.01 £ 2.35 0.28 0.74 0.59

Relative Peak Power (W.kg) 46.70 = 6.44 43.10 £5.72 50.31 £8.57 0.59 0.47 0.98
Drop Jump

Height (cm) 28.27 £5.67 26.51 £ 4.32 30.58 £ 7.42 0.34 0.35 0.67

Relative Peak Force (N.kg) 27.78 £ 8.37 24.94 £ 6.72 33.08+5.66" 0.37 0.74 1.31

Note: Significantly different (p < 0.05) from Collegiate” and WNBL" Bolded effect size = large to nearly perfect difference.
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Table 3. Change of direction and agility tests (mean * SD) in Division 1 Collegiate, Women’s National Basketball League (WNBL) and
Women’s National Basketball Association (WNBA) athletes

1. Collegiate (N = 15)

2. WNBL (N = 15)

3. WNBA (N = 15)

Effect Size (Cohen’s d)

1vs.2 1vs.3 2vs.3

5-0-5 Change of Direction Test

Right Approach Time (s) 2.49 £0.18 2.15+0.12" 229 +0.15"™ 2.22 1.21 1.03

Right COD Time (s) 443+0.12 458 +0.17 427+016 " 0.95 1.20 1.87

Left Approach Time (s) 2.48 £ 0.29 2.11+0.16 2.38+0.21" 1.57 0.39 1.44

Left COD Time (s) 444 +0.12 4.59 +0.14 427 +0.25"™ 1.22 0.81 1.57
Offensive and Defensive Agility Test

Defensive Approach Time (s) 1.54 + 0.25 1.49+0.19 1.18+0.12" 0.22 1.83 1.95

Defensive COD Time (s) 4.21+0.31 3.58+£0.27" 3.22+0.22"™ 2.16 3.72 1.50

Offensive Approach Time (s) 1.54 +0.21 1.50 £ 0.20 1.25+0.12 0.19 1.69 1.51

Offensive COD Time (s) 3.58 + 0.27 3.60 + 0.28 3.35+0.26" 0.07 0.86 0.92

Note: Significantly different (p < 0.05) from Collegiate” and WNBL" Bolded effect size = large to nearly perfect difference.
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